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z.2013.07Abstract Members of Aedes caspius mosquitoes are incriminated to be a potential reservoir of
‘‘Rift Valley Fever Virus’’ (RVF) during interepizootic periods in Egypt. Ae. caspius contains
two distinct forms which are morphologically indistinguishable but differ in physiology and behav-
ior; Ae. caspius form (a) requires a blood meal for each egg batch(anautogeny), is unable to mate in
conﬁned spaces(eurygamous). The second form (b) lays egg batch without blood meal (autogenous)
and can mate in conﬁned spaces (stenogamous). In this work, we collected the autogenous and
anautogenous forms of Ae. caspius from two different breeding habitats in the Qalyubia Governor-
ate. Analysis of the Drosophila ace-Orthologous acetylecholinesterase gene revealed that a single
polymorphic region characterized each species. Based on this region, speciﬁc primers were used
to amplify the entire section of intron II, sections of Exon 2 and Exon 3 of ace-2 gene for differen-
tiating the complex species of mosquitoes. The amplicons of anautogenous form sized 441 pb and
increase 116 bp than autogenous form of Ae. caspius. High rates of point mutations were addressed;
deletion/insertion events are 120 bases. The transversion mutations were 44 bases and were rela-
tively close to the transtion mutations 43 base. The genetic distance was 0.01 between the two forms.
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The biological characters of approximately 3200 mosquito spe-
cies and their vectorial capacity point to the importance of an
extensive investigation of this group of organisms. The subge-
nus Ochlerotatus with 181 species recorded in Palaearctic rep-
resents one of 38 subgenera of the genus Aedes (Knight and
Stone, 1977). This subgenus includes mainly salt marsh, inland
or littoral mosquitoes. Particular attention has been devoted to
the investigations of Aedes caspius. Subgenus Ochlerotatus is a
potential vector of the human pathogens: Spiroplasma sabaud-
iensc (LeGoff et al., 1990) and Crisiulospora aedis (Khodzha-
eva and Issi, 1989). The most important vectors of the
Tahyna virus in Europe is Ae. caspius (PiIaski, 1987). The spe-
cies Ae. caspius is a vector of the Tahyna (TAH) virus in the
Mediterranean region and also a potential reservoir of ‘‘Rift
Valley Fever Virus’’ (RVF) during interepizootic periods
(Mitchell, 1995; Turell et al., 1996; Gad et al., 1999; Hubalek
and Halouzka, 1999 and Balenghien et al., 2006). Palaearctic
species Ae. caspius inhabits saline lakes and pools of the Med-
iterranean region, shores of Great Britain, and fresh-water and
lower salt marshes in the continental parts of Europe, Russia,
Mongolia, northern China, Pakistan, north-eastern Africa,
Asia Minor, and the Persian Gulf (Cranston and Snow, 1987).
Recently, the subgenus Ae. caspius has not been elevated to
generic level to be named Ochlerotatus (Reniert, 2000, 2009
and Reniert et al., 2004). The need for a more comprehensive
understanding of the role of Ae. caspius as a disease vector, as
an integral part of vector control and suppression programs,
induced us to analyze the genetic structure of its Palearctic
populations (Milankov and Vapa, 2002).
Ae. caspius appeared to be a complex of species in Europe
(Clement and Keith, 1999) and Lebanon (Kino et al., 2005).
Two apparently morphologically identical forms of Ae. caspi-
us, provisionally designated species A and B, were detected by
isomorphic analysis of populations from Italy (Cianchi et al.,
1980) and from France (Moussiegt, 1988). In Egypt, Ae. casp-
ius is considered one of the most common mosquito species
throughout different geographical areas (Gad et al., 1987
and Harbach et al., 1988). Many studies focused on the ecolog-
ical and biological attributes of the Egyptian Ae. caspius indi-
cating that this species exists in two discrete biological forms.
Although conclusive evidence is still lacking the two forms
are thought to have different blood host preferences and there-
fore very different vectorial capacities. They have been identi-
ﬁed as an autogenous form which requires a blood meal for
egg development, need open space to breed (eurygamous)
and abound in fresh water pools in agricultural areas, while
the autogenous form is able to mate in conﬁned spaces (stenog-
amous) and inhabits brackish and salty water breeding sites incoastal and inland desert areas (Farid, 1986; Gad et al., 1989;
Hassan, 1990; Wassim, 1993, 2000). Few attempts have been
made to characterize and distinguish the two forms of Ae.
caspius in Egypt (Farid, 1987; Hassan, 1990; Gad et al.,
1992; Soliman, 1999 and Wassim, 2000). The two forms were
observed to be sexually isolated either in nature or under lab-
oratory conditions Hassan (1990). Farid (1987) by isozyme
analysis conﬁrmed the presence of two sympatric gamodemes
in Ae. caspius populations. Gad et al. (1992) addressed a phe-
notypic proﬁle of both Ae. caspius forms using EST and ME
Enzymes as ﬁngerprint for both forms. Wassim (2000) ad-
dressed that the two forms of Ae. caspius are genetically distant
by using RAPD-PCR and sequencing analysis of the ITS2 -
rDNA clones.
Understanding vector speciation is fundamental to the
development of control strategies. Complexes of sibling species
present unique challenges because of the large differences in
vectorial capacity between taxa that are indistinguishable.
DNA-based rapid assays have emerged as tools to overcome
the challenges of complex species identiﬁcation. A variety of
DNA-based marker types are used to develop genetic maps
for a number of mosquito species. The acetylecholinesterase
gene has been used as one of these markers. Some arthropod
genomes contain a single ace gene, while others including mos-
quitoes contain two ace genes; ace.1 and ace.2 (Bourguet et al.,
1998). The ace-1 gene can confer resistance to organophos-
phate insecticides and is therefore subject to selection pres-
sures. The ace-2 gene is sex linked and its exact function and
the selection pressures acting on it are not known.
The ﬁrst insect ace-gene was isolated from Drosophila mel-
anogaster. Several polymorphisms have been identiﬁed in ace -
Orthologous acetylecholinesterase gene which revealed that a
single polymorphic region characterized each species. Bahank
and Fonesca (2006) sequenced multiple alleles of several
microsatellite loci for the Culex pipiens complex. They realized
that the ace-2 gene has more than a microsatellite. The Locus
CQ11 (microsatellite) was diagnostic for the different forms of
Cx. pipiens. In general microsatellites mutate at a much higher
rate than other nuclear DNA and are usually in the hyper-
polymorphic region. This explains why the ﬂanking region of
Locus CQ11 has already become different in the complex spe-
cies. Based on indels in the ﬂanking region of a microsatellite
CQ11 locus, speciﬁc primers were designed and used through
a rapid assay to identify Cx. pipiens complex, thus offering a
new opportunity to differentiate the complex Dipteral species
at the genomic level.
The objective of this study is performing a PCR based
method that allows for using designed primers (Bahank and
Fonesca, 2006) to amplify the entire section of intron II, sec-
tions of Exon 2 and Exon 3 of the ace-2 gene and use it as a
14 N.M. Wassim et al.molecular marker to differentiate the autogenous and anaut-
ogenous forms of Ae. caspius in Egypt by sequence analysis
of the observed amplicons.Figure 1 PCR ampliﬁcation of the ace-2 gene of the autogenous
Ae. caspius form (350 bp). Lane M: DNA marker (100 bp ladder),
Lane’s numbers (2, 4, 5, and 7): are the ampliﬁed fragments of
ace-2 gene.Materials and methods
Mosquitoes
A survey site was considered positive when mosquito larvae
were found breeding in the water body. Fourth larval instars
of the Aedine mosquitoes were identiﬁed morphologically
according to the key by Gad (1963) for the Egyptian mosqui-
toes. Autogenous Ae. caspius samples were collected from a
large permanent salt marsh; Moassasset El Zakah in Qalyubia
Governorate (Gov.), considered in the present study as a typ-
ical breeding site for the autogenous form. On the other hand,
anautogenous Ae. caspius samples were collected from the
edges of a large permanent seepage pool from El Gabal El-As-
far area located 12 km north of Cairo in the Qalyubia Gov.
considered in the present study as a typical breeding site for
the anautogenous form. The ﬁeld collected mosquito larvae
were reared in the insectary under controlled conditions
(27 ± 2 C), 70–80% RH and a 16 h photoperiod then they
emerged as adults and were judged autogenous if the females
deposited eggs without ﬁrst feeding on blood. Each egg raft
for each population form was placed in a plastic cup contain-
ing tap water for hatching for molecular investigations. Eight
day old females that had been oviposited were killed by freez-
ing. The samples were kept dry and stored individually in
Eppendorf tubes at 70 C until processing. Each population
has been labeled for further molecular investigations.
DNA extraction
Genomic DNA was isolated from single adult mosquito using
a Wizard Genomic DNA Puriﬁcation Kit (Promega, cat
#A1620, USA). This Kit was used with some modiﬁcations de-
scribed by Vidigal et al. (2000). The DNA concentrations were
determined by using the UV spectrophotometer at a wave-
length = 260 nm (Sambrook et al., 1989).
Polymerase chain reaction (PCR) ampliﬁcation
PCR was performed using the thermo cycler PCR master Mix
(Master cycler Gradient 2xT5A-Promega).We used speciﬁc
primers for PCR-based on polymorphisms in the second intron
of the ace-2gene in Cx. pipiens mosquitoes. The PCR was per-
formed using 12.5 ll of a 2· working concentration of BioTeke
Power Taq PCR Master Mix, which was mixed gently with
each primer (10 pm/ll), the forward primer F1457 (50-GAG-
GAGATGTGGAATCCCAA30) and reverse primer B1246
(50-TGGAGCCTCCTCT TCACGGC-30) for the anautoge-
nous form and B2 (50-TGGAGCCTCCTCTTCACGG-30) for
the autogenous form, 1 ll of genomic DNA (100 lg/ll) was ex-
tracted and the reaction volume was completed up to 25 ll by
ddH2O. The PCR reaction mixture was heated to 93 C for
5 min, followed by 35 cycles at 93 C for 1 min (denaturation
step), 58 C for B1 and 56 C for B2 1 min (annealing step),
72 C for 1 min (extension step), and one cycle at 72 C for
10 min. The ampliﬁed DNA was loaded onto an agarose gel(2%) with the 100-bpDNA ladder loading marker (Hyperlad-
der IV, promega), stained with ethidium bromide solution
10 mg/ml (Promega) and visualized on a UV trans-illuminator
(Ultra Lum). After the separation of DNA on agarose gel the
amplicons were excised to purify and prepare it for the
sequencing analysis through a QIA quick Gel Extraction Kit
(QIAGEN).
Sequencing analysis
For the sequence analysis, the puriﬁed PCR products of the
ace-2 gene of ﬁve samples for each form were subjected to
DNA sequence at VACSERA gene analysis Unit, Giza, Egypt
using Foreword primers and Sixteen capillary automated se-
quencer (Applied Biosystem, USA).The gene sequence was
aligned using the clustalx software (http://blast.ncbi.nlm.nih.
gov) and Clustal W2 phylogeny software (http://www.ebi.
ac.uk/Tools/msa/clustalw2/).
Results
The used primers were sufﬁcient to generate bands in both
forms of Ae. caspius. Differences were seen in the PCR proﬁle
for individuals of the autogenous (the size of amplicons was
325 pb) and the anautogenous forms (the amplicons sized
441 pb) Figs. 1 and 2. Much of the additional length in the
CQ11 locus of the ace-2 gene of the anautogenous form is
attributed to a long 60 base tract located at the 30end. Se-
quence analysis alignment Fig. 3 of the two, Ae. caspius forms
revealed that various types of random point mutations were lo-
cated through the ace-2 gene of the anautogenous; deletion/
insertion events are 120 bases, deletions/insertions are com-
mon events and are typically not considered in the estimation
of sequence variations. When we removed the indel mutations,
the identity estimates were 62% between the two sequences of
ace-2 gene of the two forms.
The mismatches were generated due to the (TM A) trans-
versions which reached the highest number of 29 bases while
(CM G) transversion mutations were relatively low with 15
bases. The transition point mutations were 23 purines
Figure 2 PCR ampliﬁcation of ace-2 gene in the two Ae. caspius
forms. Lane (1): Anautogenous form. Lane (2, 3, 4, and 6):
Autogenous form. Lane M: DNA marker (100 bp ladder).
Rapid assay to differentiate the two forms of Egyptian Aedes caspius (diptera: culicidae) using acetylcholinesterase gene 15(GM A) and 21 pyrimidines (CM T). Point mutations are
random events, independent of the species, and such a model
would predict equal chances for all species to develop variance
by alteration of their AChE. The phylogenetic analysis re-
vealed that the genetic distance is 0.01 between the two forms.
The variation in molecular length is almost inter speciﬁc and
intra speciﬁc variation was not detected.
Discussion
In this study Ae. caspius samples were collected from Qalyubia
which is an urban Gov. northeast of Cairo. The peak of abun-
dance period of Ae. caspius was recorded during the spring
(Wassim, 1993), because this species is a competent laboratory
vector of the Rift Valley Fever (Hassan, 1983), in addition Ae-
dine mosquitoes can transmit the virus transovarially (Gerdes,
2004), so mosquitoes can serve as a source of RVF to initiate[ace-2gene][autogenous]       CGCTAGCGTTACCGAGTTACT-
[ace-2gene][anautogenous]    -GAGTGCGACCAGCAGGTNCTG
         *. :***: ..  ** * ** 
[ace-2gene][autogenous]       ATTTCGCCACGTATGAACAGAG
[ace-2gene][anautogenous]    AGCCACCATCTTCCGCGCTGA-
         *   . *.:* *. *..*:**
[ace-2gene][autogenous]       GGTGAC---GGCCTTCATGATC
[ace-2gene][anautogenous]    GAGTTCATCGGACATGTCGCTG
                              *.  :*   **.*:* : *.* 
[ace-2gene][autogenous]       CTGTCGC-------------CA
[ace-2gene][anautogenous]    ACATGCCAGTATTTTCAAATCG
        . .*  *             *.
[ace-2gene][autogenous]       ------CCGCCAGACGACGCTG
[ace-2gene][anautogenous]    GAATGCACTCCTTACGCTAAAG
             .* **: ***. ..:*
[ace-2gene][autogenous]       -----ATTTGTAATAAGGCCAT
[ace-2gene][anautogenous]    CGCTGGCTCAAACTATTGGGCT
              . * .:*.**: *  .*
[ace-2gene][autogenous]       -TTTCTTCGAAGTTGTTGGGCA
[ace-2gene][anautogenous]    TCGTCCTGCCAGTGCTTGCAGG
             ** *  .***  ***  . 
[ace-2gene][autogenous]       ----------------------
[ace-2gene][anautogenous]     TAGGATAGAGCCTCCTTTGTTT
Figure 3 Sequence alignment of ace-2 gene of the aan infection cycle in the spring (Gad et al., 1987). Blood meal
analysis has revealed that Ae. caspius in Egypt bites both hu-
mans (anthropophagic) and animals (Zoophilic) suggesting
they may serve as bridge vectors of the disease (Bahgat,
1997), because humans and other animals do not usually gen-
erate high enough viremia to infect biting mosquitoes (Hayes,
2001), because ﬁeld populations in Egypt have repeatedly been
found to be infected with the virus so the outbreak of Rift Val-
ley Fever in Egypt in 1977–8, 1981, 1993, 1997 and 2003 (Ka-
mal, 2011) was not surprising. More in-depth examination of
Ae. caspius populations is warranted (Turell et al., 1996).
In Egypt, Ae. caspius is considered one of the most common
mosquito species throughout different geographical areas
(Gad et al., 1987 and Harbach et al., 1988). The existence of
Ae. caspiusmosquitoes in two forms with a markedly divergent
array of physiological and behavioral traits occurred with dis-
tinctive morphological differentiation (Knight and Stone,
1977), the ﬁrst one was Ae. caspius africanus (Neveu-Lemaire),
it is found in Portsaid, Suez and Cairo while the second form
Ae. caspius Willcocksii (Thiabold) is found in Kafr El Dawar.
Gad et al. (1999), Hassan (1990) and Wassim (1993, 2000) col-
lected specimens of the autogenous form from Ismailia, Red
Sea Coast, South of Sinai Peninsula which mostly prefer
brackish or salty water. Specimens of the autogenous form
of Ae. caspius can lay the ﬁrst egg batch without a blood meal
although they will bite humans readily (Hassan, 1990).This
form can also breed in conﬁned spaces (stenogamy), while
the anautogenous form collected from Qalyubia and Faiyum
(Hassan, 1990; Soliman, 1999 and Wassim, 2000) requires a
blood meal for egg development, needs open space to breed
and prefers fresh water habitats mainly close to agricultural
and urban areas.
One interpretation of the existence of the two Ae. caspius
forms with two distinct strategies in their mode of life with a
rapid shift in physiological and behavioral traits as a conse-
quence of local adaptation to the type of breeding sites. It
means that the autogenous form may be derived from theCGATTTGTCTCCCTGGA-------GAGGGGAG--AATT    50 
CAGGTGCTCTACCATGGTCATGCCGAATGGCGTCAGAT    59 
*.. *  ***.**: *.       **. **.*  *.:* 
CAATGCCCTTGCTGTTGATACGTGAATTACAGATGGCA    110 
--GAGCCCCTGTTGATGCAGGCGTGACGCTGCCTGGCA    116 
.:**** ** **:**.:.    .*  . . .***** 
GGCTAAC---------GTTTCGGCCTGACCGCTGCGCA    158 
CGCAACTTGATCCCCAGGCTCATGTTGGCCGGATCAAA    176 
 **:*.          *  **.   **.*** : *..* 
CCAGCGGAGTTGGTTGTGCCCAGGTCAATACCGG----    201 
TTTACAAACTCGTTAGAAACCTGGTCGATCCCGATCAT    236  
  :.*..* * * *:*:..**:****.**.***.     
ATGCGGCGCAGCACTCAAACCAGGTTCACTA-------    248 
ATGTATGCAACTAGCATTCCCGGATCCACTTTAGTGGG    296 
*** .   .*  *  .::.**.*.* ****:        
GTTTAGCTTCCGAAATTAAAAAATCGAGCGAGTTT---    300 
TTCTCCTTTCCATACGTGCTCAAACGCTGCTTTTTTGG    356 
 * *.  ****.:*. *..:.**:**..  : ***    
CTGT----------------------------------    325 
AGGCGTAGTTGAGCCCGCCCCTGGCATGCCAAACATGA    416  
..*.               
--- 
TTA   441 
utogenous and anautogenous Ae. caspius forms.
16 N.M. Wassim et al.anautogenous form under ecological and physiological stim-
uli. This hypothesis coincides with the abundance of the
two forms of Ae. caspius hybrid in the Faiyum Oasis (Farid,
1989; Hassan, 1990 and Wassim, 2000) and the genetic dis-
tance between the ace-2 gene in the two forms is 0.01 in this
work. Farid et al. (1989) rejected this hypothesis and stated
that Ae. caspius populations from the Mediterranean regions
are genetically highly polymorphic, and may diverge into two
genetically isolated forms. The genetic structure of three
mosquito populations from the Faiyum oasis was deter-
mined, using starch gel electrophoresis at eight gene loci,
from which only one was monomorphic. Eleven out of 16
population-enzyme combinations with variability exhibited
heterozygote deﬁciency determined from the Hardy–Wein-
berg expectations. These results suggest that the tested pop-
ulations represent a mosquito complex.
The second hypothesis is that the two Ae. caspius forms
are genetically two separate species because they are sexually
separated, one hundred and twenty-four base pair indel
mutations were the difference in the length of the segment
of ace-2 gene and the identity was 63% between the two se-
quences of the ace-2 gene of the two forms. This hypothesis
was conﬁrmed by Wassim (2000) who studied this interpreta-
tion. Of 19 primers that composed an arbitrary sequence (10
nucleotides long) were used to amplify different fragments of
the templates of ﬁve tested Ae. caspius populations. The
autogenous form was collected from Ismailia, Red Sea and
South of Sinai Govs, while the two populations of the anaut-
ogenous form were sampled from the Qalyubia Gov. and the
Faiyum Oasis. Three primers produced clear polymorphism,
thirteen unique and shared bands were able to differentiate
the indistinct Ae. caspius populations. The similarity coefﬁ-
cient ﬂuctuated between 49% and 75% for the two forms.
Qalyubia population (anautogenous) was less related to the
other populations whereas the genetic distance was 0.6.
Red Sea population (autogenous form) was genetically dis-
tant 0.5 from other populations.
Substantial homology exists between the ITS2-rDNA se-
quences of the Qalyubia, and the Faiyum populations (anaut-
ogenous). The two sequences were sufﬁciently similar.
Differences among Ae. caspius of the Sinai population (autog-
enous) and those of the Qalyubia and the Faiyum populations
(anautogenous) occurred at 16 positions; thirteen nucleotide
mismatches (transitions/transversions) and 3 bp deletions/
insertions were seen at the 30 end of ITS2. The extra three
nucleotides CCA were present at positions 335–337 (Wassim,
2000). The present study came to the above conclusion, where
88 mismatches (transitions/transversions) have been recorded
in the two forms of Ae. caspius.
These two hypotheses generate different predictions about
genetic similarities between autogenous and anautogenous
forms of Ae. caspius. We tested these hypotheses using highly
polymorphic microsatellite markers to ﬁnger print autogenous
and anautogenous forms which revealed that the two forms of
Ae caspius are genetically different. This study may help in bet-
ter understanding of the different taxonomic statuses of these
forms although the performer’s taxonomic standard suggests
that the two forms are two distinct species. An interesting ave-
nue of research will be needed to conﬁrm these currently
incompletely differentiated forms of Ae. caspius in Egypt and
the neighboring zone.References
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